A modified geometric ray approach is used to predict the V(x,z) or the acoustic material signature of a circular point-focus scanning acoustic microscope for an isotropic surface containing a surface-breaking crack. The microscope response is assumed to consist of a specularly reflected geometric contribution, and the leaky contribution due in part to surface waves scattered from the crack. The long thin straight crack is presumed to be characterized by symmetric reflection and transmission coefficients. This approach is numerically simple and can be used to evaluate the response of acoustic lenses of various geometries. The method is used to predict line scan V(x,z o) response of a microscope in the vicinity of the crack for several defocus distances z o and the results are compared with measurements.
INTRODUCTION
The scanning acoustic microscope using a spherical lens is often used to image surfaces containing abrupt defects such as surface-breaking cracks. The presence of a thin crack perturbs the acoustic material signature mostly by scattering leaky Rayleigh waves that are excited on the sample surface by the probing acoustic beam. This scattering mechanism may be used to quantitatively characterize defects in nondestructive evaluation applications. It is therefore useful to create a simple theoretical model that can be used to predict the microscope response. Of particular interest are line-scan measurements of transducer voltage, called V(x,Zo), obtained by keeping the lens at a constant defocus distance z = z o and scanning in x perpendicular to the defect. Crack displacement x is defined as the distance between the lens axis and the crack and z = 0 is defined at the geometric focus.
It is also important to model the V(x,z) for the purpose of extracting the crack surface wave reflection coefficient. 
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where V a (z) is the component of transducer voltage resulting from the specularly reflected rays, Vr (x,z) is the component due to the leaky waves transmitted through or past the crack, and Vr½• (x,z) is the contribution due to the leaky waves reflected from the crack. The ray paths involved in determining these contributions are shown in Fig. 1 . Here both the crack and the lens are assumed to have inversion symmetry, thus V(x,z) = V( -x,z), i.e., the same response is detected on either side of the crack. It will be assumed that when a surface wave strikes a crack, a portion of the incident wave is transmitted with a field transmission coefficient T, and a portion :is reflected with a field reflection coefficient R. These coefficients will be assumed here to be independent of the angle of incidence of the surface wave. In this work, the crack is assumed to be long compared to the diameter of the beam spot insonifying the sample surface. For the lens and operating frequency considered here as well as a reasonable defocus distance, say [z[ < 500/am, the length of the crack would have to be greater than 500/am.
As the crack is assumed to be of infinitesimal thickness, the component V, (z) is unperturbed by the crack and hence is independent ofx. Here VG (z) is evaluated using the ray The Vr (x,z) contribution to the V(x,z) will be assumed to be proportional to the total field flux leaked into water from the area bounded by Cmm and Cm• in Fig. 3 . This assumption is most reasonable for a relatively long lens rod where the phase variation of the field across the transducer is small. The factor Qa can be seen to be QR = I (Q,T+ 1 -Q,) , (6) where Q• is the fraction of the ray flux intercepted by the crack and therefore scaled by the crack transmission coefficient T, and ( 1 --Q• ) is the fraction of the ray flux that is unscattered. Under these conditions, the factor Q• can be expressed as Q• = area of obstructed part of Rayleigh ring (7) total area of Rayleigh ring The above relation views all leaky radiation source points as contributing equally to Vr (x,z). Since the total area of the Rayleigh ring is rr(c}ax 2 --Cmi, )/2 it follows from (7) that '1, 0<X<Cmin, Q, p cos-' dp, Measured and predicted V(x,z) are illustrated in Fig. 5 for two values of the defocus distance z, viz., 300 and 400/zm over a range 0 <x < 500/•m. It should be noted that the calculated V(x,z) are scaled so as to match the measured values at large x.
The theoretical model described above predicts that for x near the origin, or equivalently, the lens approximately centered above the crack, f• is large as given by (12), and there is only one line (cylindrical) focus in the lens rod located a distancef• above the lens aperture. Actually, the crack acts as a plane mirror and for a symmetrical lens the reradiated ray structure in the fluid becomes indistinguishable from the ray structure in the uncracked sample. This results in a ring and not a line focus in the lens rod as was described above. Thus disagreement between theory and experiment is expected forx small as can be observed in Fig. 5(a) .
The crack reflection coefficient R and the transmission coefficient Twere assumed to be independent of the angle of incidence. For large x the transducer is excited by only those surface rays that are nearly normally incident on the crack. For smaller values of x, the transducer is excited by the more obliquely scattered rays. Thus, the effective crack scattering coefficients should be expected to depend on x, with R decreasing and T increasing with increasing x. Note that the ripple due to reflected surface waves in Fig. 5 which is proportional to R, actually decreases in amplitude faster than predicted by the ray theory in which R is assumed constant.
III. CONCLUSIONS
A ray model was developed to predict the response of a point focus scanning acoustic microscope for a surface containing a linear surface-breaking crack. It is assumed that the specularly reflected ray fields are unperturbed by the thin crack while the surface wave scattering by the crack is charactedzed by field reflection and transmission coefficients that are reciprocal and independent of the angle of incidence. The spreading and convergence of bulk and surface rays are treated by the geometric ray theory.
The 
ACKNOWLEDGMENT
The work of D. Chizhik was supported by a research fellowship from AFOSR, Bolling AFB.
